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Introduction 

Based on t h e  work of Coyne e t  a1 (11, who showed t h a t  simple dehydrat ion of c l a y  
minerals  r e s u l t s  i n  measurable spontaneous emmission of l i g h t ,  we have undertaken t h e  
i n v e s t i g a t i o n  of  spontaneous l i g h t  emmission i n  c o a l s  ( 2 ) .  Coal is f r e q u e n t l y  found  
i n  r e g i o n s  where c l a y  minerals  are abundant.  Following Coyne, our i n i t i a l  s tudy ( 2 )  
monitored l i g h t  e m i s s i o n  f r o m  c o a l  when a n  a q u e o u s  s l u r r y  of  m i c r o n i z e d  c o a l  was 
subjected t o  dehydra t ion  o v e r  CaS04. That  work showed t h a t  luminescence d i d  occur i n  
a c o a l  con ta in ing  r e l a t i v e l y  l i t t l e  ino rgan ic  m a t e r i a l  (3% ash )  a s  w e l l  a s  i n  a coa l  
with a s u b s t a n t i a l l y  h i g h e r  (18%) c o n t e n t  of mineral  ma t t e r .  

Several  ques t ions  a r o s e  from t h a t  s tudy.  I n  p a r t i c u l a r ,  because t h e  add i t ion  of 
a s  l i t t l e  as 1-25 (w/w) k a o l i n i t e  t o  a c o a l  s ample  e x h i b i t e d  a marked i n c r e a s e  jrt 
l u m i n e s c e n c e ,  i t  was c r i t i c a l  t o  determine,  if p o s s i b l e ,  whether t h e  photon r e l e a s e  
was caused only by t h e  mine ra l  ma t t e r  c o n t e n t  and n o t  by t h e  e f f e c t  of dehydrat ion on 
t h e  c o a l  s t r u c t u r e  i t s e l f .  Thus, one g o a l  of t h i s  phase of t h e  i n v e s t i g a t i o n  was t o  
look for spontaneous luminescence i n  a sh - f r ee  c o a l .  

A second ques t ion  was whether t h e  phenomenon was r e l a t e d  t o ,  or d e p e n d e n t  u p o n ,  
e x c i t a t i o n  of t h e  oxygen or n i t rogen  i n  air .  Thus, t h e  second g o a l  of t h i s  work was 
t o  examine samples prepared w i t h  t h e  exclusion of a i r .  

F i n a l l y ,  Coyne e t  a1 ( 3 )  have  a l s o  shown t h a t  h a c j j r i i t r s  e x h i b i t  pronounced 
s p o n t a n e o u s  l u m i n e s c e n c e  a s  t h e y  swell i n  a slurry p p e p a r e d  w i t h  va r ious  amine:., 
Because c o a l ,  a l s o ,  g e n e r a l l y  swe l l s  r e a d i l y  i n  amine s o l v e n t s ,  s e v e r a l  measu remen t s  
were c a r r i e d  o u t  t o  d e t e r m i n e  w h e t h e r  c o a l  l u m i n e s c e n c e  c o u l d  b e  d e t e c t e d  a s  a 
funct ion of sol v e n t  swell in&.  

EXPERIMENTAL 

-n of S W  

The c o a l  used for t h i s  s tudy is a Western Kentucky hvA b i t u m i n o u s  c o a l  o b t a i n e d  
from t h e  Wes te rn  Kentucky U n i v e r s i t y  C e n t e r  for Coa l  S c i e n c e .  A summary of t h e  
a n a l y s i s  of t h e  c o a l  is g iven  i n  Table  I. 

Table  I 

Ana lys i s  of Coal Bank Sample a86025 
----- - --------_I__ _ _  - __ 

Moisture(as  d e t . )  4.07 Carbon 66.74 
Ash 15.50 Hydrogen 4.59 
VM 35.3 Nitrogen 1.42 

BTU 11,012 Oxygen(diff1 6.71 
f ixed  Carbon 49.2 Sulfur 4.55 

~------ll------------l_-----------l_lll-_--l-- 

A por t ion  o f  t h e  60-mesh coal  was b e n e f i c i a t e d  i n  ZnCl media of s p e c i f i c  g r a v i t y  
Af t e r  c l e a n i n g ,  t h e  r ecove red  c o a l  was m i c r o n i z e d  ‘for 2 m i n u t e s  i n  a Union 

Th i s  e f f e c t i v e l y  reduced t h e  average 
Unbeneficiated 60-mesh c o a l  was sub jec t ed  

The 

1.30. 
P r o c e s s  Nodel  1-S s t i r r e d  b a l l  a t t r i t o r  m i l l .  
p a r t i c l e  s i z e  of t h e  sample t o  10 microns.  
t o  exhaust ive s o l v e n t  e x t r a c t i o n  wi th  r e f l u x i n g  Dimethylformamide (DMF) under N2.  
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r e s idue  was then  washed r epea ted ly  with r e f lux ing  methanol under  N befo re  being d r i e d  
i n  a vacuum oven .  T h e  e x t r a c t e d  m a t e r i a l  was r ecove red  from t h e  DMF and was a l s o  
washed, and d r i ed  in vacuo. 

The a s h  from t h e  same c o a l  was o b t a i n e d  a c c o r d i n g  t o  ASTM D3173. The a s h  
a n a l y s i s  is shown i n  Table  11. 

T a b l e  I1 

Major and Minor Metal Oxides i n  Ash from Coal Bank Sample 586025 

ELK 
42.9 
16.3 
33.3 

1.10 
.51 

1.46 
.04 

€&-a2 
41.4 
19.7 
21.2 

.61 

.33 
1.10 

.01 

\ ement o f  Lu- 

S p o n t a n e o u s  l u m i n e s c e n c e  was measured a s  a f u n c t i o n  o f  t i m e .  S i n g l e  photon 
nionltoring was c a r r i e d  out us ing  t h e  Packard Model 1500 "TriCarb" l i q u i d  s c i n t i l l a t i o n  
coun te r .  Data were r e c o r d e d  a s  cvur!t.r per r . . ? ' r i l , f f  :-1'6 bere p r i n t e d  a t  one  n , Jnu te  
i n t e r v a l s  f o r  95 minute maximum monitoring pe r iod .  

A s ample  s l u r r y  was p r e p a r e d  by d i r e c t  we igh ing  and mixing o f  t h e  s o l i d  and 
water. Typ ica l ly ,  a coa t ing  o f  about 2.5 cm was app l i ed  t o  t h e  i n s i d e  o f  a s t a n d a r d  
s c i n t i l l a t i o n  vial above about  1 cm o f  i n d i c a t l n g  CaS04. For a l l  trials, t h e  s l u r r y  
was app l i ed  manually and it was d i f f i c u l t  t o  apply p r e c i s e l y  t h e  same amount o f  sample 
each t ime. Genera l ly ,  80-120 mg s a m p l e s  were u s e d  which ccnsJat.r:d c .2"  ::t l e a s t  a 
water :coal  r a t i o  o f  2 : l .  For swe l l ing  experiments ,  t h e  method desc r ibed  by Coyne ( 3 )  
was used t o  p repa re  t h e  samples.  Py r id ine  and DMF were used as t h e  swelling s o l v e n t s .  
To p repa re  samples i n  an  a i r - f r e e  environment,  a s t ream o f  argon was used t o  purge t h e  
v i a l  p r i o r  t o  and during a p p l i c a t i o n  o f  t h e  s l u r r y .  

1 
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RESULTS AND DISCUSSION 

F igure  1 shows a p o r t i o n  o f  t h e  photon output  f o r  t h e  dehydra t jo t s  <Jr t.he whole 
c o a l  186025  (15 .5% a s h ) .  A s  i n  our previous s tudy ,  t h e  photon count  was observed t.o 
decay  m o n o t o n i c a l l y  u n t i l  s p o n t a n e o u s  l v n ~ i n e s c e n c e  o c c u r r e d  a t  some t i m e  a f t e r  
i n j t i a t i o n  of d r y i n g .  F i g u r e  2 shows d a t a  for t h e  bene f i c i a t ed  sample (1.25% a s h ) .  
These d a t a  c o n f i r m  our e a r l i e r  o b s e r v a t i o r l s  t h a t  e v e n  low a s h  c o a l s  e x h i b i t  
l u m i n e s c e n t  b e h a v i o r .  F igu re  3 shows t h a t  e x t r a c t i o n  r e s idue ,  which r e t a i n s  most i f  
n n t  a l l  o f  t h e  inorganic  ma t t e r  in c o a l ,  a l s o  d i s p l a y s  spontaneous luminescence during 
dehydrat ion.  The t r a c e s  i n  t h e s e  f i g u r e s  canno t  be compared d i r e c t l y  wi th  r ega rds  t o  
t h e  t ime r e q u i r e d  f o r  t h e  o n - s e t  o f  p h o t o n  enmJ:i:.jcrt r r c ~  r j t h  r e g a r d s  t o  t h e  
i n t e n s i t y .  O u r  e a r l i e r  work showed t h a t  t i m e  and i n t e n s i t y  d i f f e r e n c e s  between 
samples a r e  dependent on t h e  sample s i z e  ( t h i c k n e s s )  and t o t a l  moisture  c o n t e n t .  

F i g u r e  4 s h o w s  t h e  t r a c e  of c o u n t s  p e r  m i n u t e  w i t h  time fo r  t h e  m a t e r i a l  
ex t r ac t ed  from c o a l  with r e f lux ing  DMF. This  m a t e r i a l  is e s s e n t i a l l y  a s h - f r e e ,  and 
shows no s p o n t a n e o u s  l u m i n e s c e n c e  d u r i n g  t h e  p e r i o d  m o n i t o r e d .  This is s t r i k i n g  
evidence t h a t  a sh - f r ee  c o a l  does n o t  e x h i b i t  l u m i n e s c e n t  b e h a v j o r .  Kif c o u r s e ,  t h e  
e x t r a c t  f r o m  a d d j t l o a a l  s a m p l e s  n e e d s  t o  be s t u d i e d  i n  o r d e r  t o  c o n f i r m  t h i s  
observat ion Conclusively.  Measurement of photon e m i s s i o n  i n  recovered a sh  (F igu re  5) 
was d i f f i c u l t  t o  measure and  was n o t  n e a r l y  a s  i m p r e s s i v e  i n  i t s  i n t e n s i t y  a s  is 
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obse rved  w i t h  k a o l i n i t e  ( 1 ) .  The a s h  was v e r y  g r a n u l a r  and d i f f i c u l t  t o  g r i n d  
s u f f i c i e n t l y  f i n e  t o  p repa re  a smooth pas t e .  It may a l s o  b e  i m p o r t a n t  t h a t  t h e  a s h  
o b t a i n e d  from t h e  coal used  i n  t h i s  s t u d y  was brick-red and contained 33.3 I ( w h )  
I ron  oxide and, correspondingly,  a smaller quan t i ty  o f  aluminum and s i l i c o n  o x i d e s .  
For compar i son ,  t h e  luminescence  during dehydrat ion f o r  a coa l  ash containing much 
l e s s  i r o n  oxide (based on its white  c o l o r a t i o n )  was recorded and is shown i n  Figure 6 .  
These d a t a  suggest  t h a t  pho ton  emmission from a s h  may b e  a f f e c t e d  by i t s  o v e r a l l  
composition. 

A l l  a t t e m p t s  t o  i n d u c e  measurable photon emmission i n  e i t h e r  whole c o a l  o r  Coal 
e x t r a c t  by so lven t  swe l l ing  have been unsuccess f i l .  One explanat ion is t h a t  t he  small 
(mg) q u a n t i t i e s  o f  c o a l  being used s w e l l  r a p i d l y  enough i n  t h e  two amine s o l v e n t s  
t e s t e d  t h a t  luminescence accompanying swel l ing may be d i s s ipa t ed  i n  t h e  time requ i r ed  
t o  g r ind  and p repa re  t h e  sample ( 3 ) .  These e x p e r i m e n t s  are  b e i n g  c o n t i n u e d  usJng 
o the r ,  less vigorous,  swe l l ing  so lven t s .  

Using k a o l i n i t e ,  t h e r e  i s  no change  obse rved  f o r  spontaneous luminescence i n  
samples prepared under  argon. However, t h e r e  remains some quest ion whether t h e  sample 
v i a l s  a r e  a i r - t i g h t  t h r o u g h o u t  t h e  c o u n t i n g  p e r i o d .  Thus,  our i n i t i a l  t r i a l s  t o  
determine the  e f f e c t  of a i r  on t h e  presence and i n t e n s i t y  o f  spontaneous luminescence 
i n  c o a l  a r e  incomplete.  

CONCLUSIONS 

It has  been shown t h a t  spontaneous luminescence  i n  c o a l  d u r i n g  d e h y d r a t i o n  is 
dependent d i r e c t l y  on t h e  a s h ,  or mineral ma t t e r  con ten t  o f  t h e  coa l .  I n  t h e  absence 
of any a s h ,  no photon emmission is o b s e r v e d .  Coal  e x t r a c t i o n  r e s i d u e  r e t a i n s  t h e  
p r o p e r t y  of l uminescenc  during dehydrat ion;  c o a l  ash a l s o  e x h i b i t s  luminescence, bu t  
appears  t o  be iffected s t z x ~ l y  by the prcsenoa of  Oxide (or by t h e  a c t u a l  c l a y  
m i n e r a l  c o n t e n t ) .  Q u a n t i t i e s  o f  a s h  a s  small as a few percent  by weight d i spe r sed  
throughout t h e  c o a l  ma t r ix  are s u f f i c i e n t  t o  cause t h e  phenomenom t o  b e  o b s e r v a b l e .  
Work i s  cont inuing t o  exp lo re  t h e  effects o f  a i r  and s o l v e n t  swel l ing.  
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